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SUPPLY PLAN DRAFTING DEVICE, METHOD OF DRAFTING 
SUPPLY PLAN, PROGRAM FOR DRAFTING SUPPLY PLAN, 
AND METHOD OF DRAFTING PRODUCTION PLAN 

INCORPORATION BY REFERENCE 
5 [0001] The disclosures of Japanese Patent Applications Nos. 2000-263794 

filed on August 31, 2000 and 2000-301655 filed on October 2, 2000, including their 
specifications, drawings and abstracts are incorporated herein by reference in their 
entireties. 

BACKGROUND OF THE INVENTION 

10 1. Field of Invention 

[0002] The invention relates to a supply plan drafting device, a supply plan 
drafting method, a program for drafting a supply plan, and a production plan drafting 
method and, more particularly, to a supply plan drafting device for drafting a supply 
plan of an article or service in a plurality of supply stations capable of supplying the 

15 article or service, a method of drafting the supply plan, a program for drafting such a 
supply plan, and a production plan drafting method capable of reducing a personnel 
cost required in a plurality of production lines. 
2. Description of Related Art 

[0003] As a supply plan drafting device of this kind, a device that accounts 

20 for various detailed costs concerning production of an article has been proposed (see, 
e.g., Japanese Patent Application Laid-Open No. 1 1-353375). In this device, man- 
hours, work force, cost and so on required for production of the article are calculated 
based on various departmentalized data such as line data, parts data, man-hour data 
and standard cost data, and are then output. 

25 [0004] However, such a supply plan drafting device has difficulty in drafting 

an article production plan with a minimized cost. Merely calculating man-hour, work 
force, cost and so on based on various departmentalized data does not make it possible 
to find out how to distribute a required production volume of the article to production 
lines, how much operating time is to be allocated to each of the production lines, and 

30 how much work force of each work force type is to be engaged in each of the 

production lines, in order to lower the cost for production of the article. One could 
manually input a plurality of conditions, obtain a plurality of calculation results, 
output a plurality of costs for production of the article, and select one of the conditions 



corresponding to a minimum one of the costs. However, this method would be time- 
consuming, require prodigious labor, and would not always guarantee to provide a 
condition corresponding to a minimum cost for production of the article. 

[0005] On the other hand, with respect to a production plan drafting method, 
5 carmakers and so on produce a vast variety of vehicles and the like in production 

lines. In general, a whole production process in each of the production lines is divided 
into a plurality of processes to be assigned to workers, and each of the workers is 
engaged in a predetermined operation within a tact time that is obtained by dividing 
the operating time into time sections of a predetermined length. Vehicles are 

10 produced in carmakers based on a production plan that has been drafted in advance. 

The production plan is drafted such that the production cost is lowered, and so that the 
production efficiency is improved. 

[0006] For example, Japanese Patent Application Laid-Open No. 2000- 
76345 discloses a productivity/cost review supporting device for supporting review of 

15 productivity and cost in a fact-finding manner, from designing in design departments 
to production in production plants, without resorting to empirical generalization. In 
this technique, productivity and cost are calculated from personnel costs, 
manufacturing costs and so on, from designing to production. 

[0007] However, this technique does not take into account the tact time as an 

20 operating condition of the production lines when calculating a personnel cost required 
for achievement of a preset planned production volume, and thus does not always 
guarantee the provision of a minimum personnel cost. In other words, a planned 
production volume per operating day is usually set by allocating a planned production 
volume set for a certain month as a plan-executing period to each of the production 

25 lines and each of the operating days, and the operating time is determined in such a 
manner as to guarantee a planned production volume set for each of the production 
lines. This process does not take adjustment of the tact time into account. Namely, 
this process uniquely sets a variable tact time and thus does not guarantee an 
optimized operating time for each of the operating days. If the operating time has not 

30 been optimized, it is doubtful whether working hours of the workers have been 

optimized. Therefore, it is impossible to conclude that the calculated personnel cost 
represents the minimum cost. 
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SUMMARY OF THE INVENTION 
[0008] It is an object of the invention to provide a device, a method and a 
program for drafting a plan for supplying an article or service or performing 
production in a production plant at a reduced cost. 
5 [0009] According to a first aspect of the invention, there is provided a 

supply plan drafting device for drafting a supply plan of an article or a service in a 
plurality of supply stations capable of supplying the article or the service. The device 
includes data storing means (e.g., a memory) for storing unit supply man-hour data on 
work force and time required for supply of an article or service per unit and unit work- 

10 force-type- based cost data on cost per unit according to work force types. In addition, 
a required supply volume inputting means is provided for inputting an entire required 
supply volume of the article or the service. A supply volume distributing means 
distributes the input required supply volume to station supply volumes to be supplied 
from the supply stations based on a distribution parameter. A work force setting 

15 means calculates a station supply man-hour required for supply of the article or 

service of the distributed station supply volume based on the unit supply man-hour 
data stored in the data storing means and sets a work-force-type-based work force for 
the calculated station supply man-hour based on a work force parameter. A cost 
calculating means calculates a gross cost in the case of supply of the station supply 

20 volume from the supply stations based on the work-force-type-based work force set by 
the work force setting means and the unit work-force-type-based cost data stored in 
the data storing means. A parameter changing means successively changes the 
distribution parameter and the work force parameter. A plan setting means selects a 
revised distribution parameter and a revised work force parameter corresponding to a 

25 minimum gross cost calculated by the cost calculating means using the work-force- 
type-based work force that is set by the work force setting means in response to 
changes in the distribution parameter and in the work force parameter by the 
parameter changing means and sets, as a supply plan, station supply volumes that are 
distributed by the supply volume distributing means using the revised distribution 

30 parameter and the revised work-force-type-based work forces for the supply stations. 

[0010] In this supply plan drafting device, the distribution parameter that is 
used when the supply volume distributing means distributes the required supply 
volume to the station supply volumes to be supplied from the supply stations, and the 



work force parameter that is used when the work force setting means sets the work- 
force-type-based work force for the station supply man-hour corresponding to the 
station supply volumes are changed successively, and a (revised) distribution 
parameter and a (revised) work force parameter corresponding to a minimum 
5 calculated gross cost are selected. As a supply plan, the distributed station supply 
volumes are set using the revised distribution parameter, and the work-force-type- 
based work force to be set for each of the supply stations are set using the revised 
work force parameter. As a result, it is possible to draft a plan for supplying an article 
or service of the required supply volume in such a manner as to reduce the gross cost. 

10 [0011] In the first aspect of the invention, the parameter changing means 

may change the distribution parameter within a suppliable range of the supply 
stations. In this manner, it is possible to draft a supply plan within a suppliable range 
of the supply stations. 

[0012] In the first aspect of the invention, the suppliable range may include a 

15 regular suppliable range based on regular operation, and an irregular suppliable range 
based on irregular operation. In addition, the unit work-force-type-based cost data 
may include regular-operation unit work-force-type-based cost data on cost per unit 
according to work force types for regular operation, and irregular-operation unit work- 
force-type-based cost data on cost per unit according to work force types for irregular 

20 operation. In this manner, it is possible to draft a supply plan corresponding to a 
further reduced gross cost by taking regular operation and irregular operation into 
account. 

[0013] Furthermore, in the first aspect of the invention, the irregular 
suppliable range may include an overtime suppliable range based on overtime service, 

25 and a holiday service suppliable range based on holiday service. In addition, the 

irregular operation unit work-force-type-based cost data may include overtime unit 
work-force-type-based cost data on cost per unit according to work force types for 
overtime service, and holiday service unit work-force-type-based cost data on cost per 
unit according to work force types for holiday service. In this manner, it is possible to 

30 classify the irregular operation into overtime service and holiday service. 

[0014] In the first aspect of the invention, the parameter changing means 
may change ratios of the work force types as a factor of the work force parameter. In 



this manner, it is possible to draft a supply plan corresponding to a further reduced 
gross cost by taking the ratios of the work force types into account. 

[0015] In the first aspect of the invention, the work force types may include 
regular employees and a plurality of types of temporary employees, and the parameter 
5 changing means may change ratios of the work force types by changing percentages of 
the plurality of types of temporary employees. In this manner, it is possible to handle 
the cost for regular employees as a fixed cost and reflect the influence of the cost for 
irregular employees upon fluctuations of the gross cost. 

[0016] In the first aspect of the invention, the parameter changing means 
10 may change the work force in each of the supply stations as a factor of the work force 
parameter. In this manner, it is possible to reflect an increase or decrease in overtime 
service or holiday service upon fluctuations of the gross cost. 

[0017] In the first aspect of the invention, the parameter changing means 
may change a gross work force in the supply stations within a work force changeable 
15 range of the supply stations. 

[0018] In the first aspect of the invention, the parameter changing means 
may successively change each of the parameters at a predetermined interval set for the 
parameter. In this manner, it is possible to draft a plan more quickly than in the case 
where the parameters are successively changed as to all the variables. 
20 [0019] In the first aspect of the invention, the supply stations may be 

production lines for producing the article, and the unit supply man-hour data may be 
data on work force and time required for production of a single unit of the article. In 
this manner, it is possible to draft a supply plan corresponding to a minimum gross 
cost as an article production plan corresponding to a minimum gross production cost. 
25 [0020] In the first aspect of the invention, the supply stations may be stations 

for offering a predetermined service, and the unit supply man-hour data may be data 
on work force and time required for offer of a single unit of the predetermined service. 
In this manner, it is possible to draft a supply plan corresponding to a minimum gross 
cost as a service offering plan corresponding to a minimum gross cost of offering the 
30 predetermined service. 

[0021] According to a second aspect of the invention, there is provided a 
supply plan drafting program having computer-readable instructions that make a 



computer function as the supply plan drafting device having any one of the above 
constructions. 

[0022] This program can make a computer function as the supply plan 
drafting device having any one of the above constructions. 
5 [0023] According to a third aspect of the invention, there is provided a 

supply plan drafting method of drafting a supply plan of an article or a service in a 
plurality of supply stations capable of supplying the article or the service. The method 
includes the steps of: (a) distributing a required supply volume of the article or the 
service to station supply volumes to be supplied from the supply stations while 

10 successively changing a distribution parameter, (b) calculating a station supply man- 
hour required for supply of the article or the service of the distributed station supply 
volumes based on unit supply man-hour data on work force and time required for 
supply of the article or service per unit and setting a work-force-type-based work force 
for the calculated station supply man-hour while successively changing a work force 

15 parameter, (c) calculating a gross cost for supply of the station supply volumes to be 
supplied from the supply stations based on the set work-force-type-based work force 
and unit work-force-type-based cost data on work-force-type-based cost per unit, and 
(d) selecting a revised distribution parameter and a revised work force parameter 
corresponding to a minimum of the gross cost calculated in response to changes in the 

20 distribution parameter and the work force parameter and setting, as a supply plan, 
station supply volumes that are distributed using the revised distribution parameter 
and the revised work-force-type-based work forces for the supply stations. 

[0024] According to this supply plan drafting method, the distribution 
parameter and the work force parameter are changed successively to select a 

25 distribution parameter and a work force parameter corresponding to a minimum 

calculated gross cost, and the distributed station supply volumes and the work-force- 
type-based work force to be set for each of the supply stations are set as a supply plan 
using the selected distribution parameter and the selected work force parameter 
respectively. Thus, it is possible to draft a supply plan corresponding to a minimum 

30 gross cost required for supply of the article or service. 

[0025] In the third aspect of the invention, the step (a) may change the 
distribution parameter within a suppliable range of the supply stations. In this 



manner, it is possible to draft a supply plan within a suppliable range of each of the 
supply stations. 

[0026] In the third aspect of the invention, the suppliable range may include 
a regular suppliable range based on regular operation, and an irregular suppliable 
5 range based on irregular operation. In addition, the unit work-force-type-based cost 
data may include regular-operation unit work-force-type-based cost data on cost per 
unit according to work force types for regular operation, and irregular-operation unit 
work-force-type-based cost data on cost per unit according to work force types for 
irregular operation. In this manner, it is possible to draft a supply plan corresponding 
10 to a further reduced gross cost by taking regular operation and irregular operation into 
account. 

[0027] Furthermore, in the third aspect of the invention, the irregular 
suppliable range may include an overtime suppliable range based on overtime service, 
and a holiday service suppliable range based on holiday service. In addition, the 

15 irregular operation unit work-force-type-based cost data may include overtime unit 
work-force-type-based cost data on cost per unit according to work force types for 
overtime service and holiday service unit work-force-type-based cost data on cost per 
unit according to work force types for holiday service. In this manner, it is possible to 
classify the irregular operation into overtime service and holiday service. 

20 [0028] In the third aspect of the invention, the step (a) may successively 

change the distribution parameter at a predetermined interval. In this manner, it is 
possible to draft a supply plan quickly. 

[0029] In the third aspect of the invention, the step (b) may change ratios of 
the work force types as a factor of the work force parameter. In this manner, it is 

25 possible to draft a supply plan corresponding to a further reduced gross cost by taking 
the ratios of the work force types into account. In the third aspect of the invention, the 
work force types may include regular employees and a plurality of types of temporary 
employees, and the step (b) may change ratios of the work force types by changing 
percentages of the plurality of types of temporary employees. In this manner, it is 

30 possible to handle the cost for regular employees as a fixed cost and reflect the 
influence of the cost for irregular employees upon fluctuations of the gross cost. 

[0030] In the third aspect of the invention, the step (b) may change the work 
force in each of the supply stations as a factor of the work force parameter. In this 
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manner, it is possible to reflect an increase or decrease in overtime service or holiday 
service upon fluctuations of the gross cost. In the third aspect of the invention, the 
step (b) may change a gross work force in the supply stations within a work force 
changeable range of the supply stations. 

[0031] In the third aspect of the invention, the step (b) may successively 
change the work force parameter at a predetermined interval. In this manner, it is 
possible to draft a supply plan more quickly. 

[0032] According to a fourth aspect of the invention, there is provided a 
production plan drafting method of drafting a production plan for producing an article 
in a plurality of production lines every plan-executing period including a plurality of 
operating days. The method includes: (a) a production-line-based planned production 
volume provisionally determining step of allocating a planned production volume 
during the plan-executing period to the production lines, (b) an operating-time setting 
step of calculating an operating time in each of the production lines during the plan- 
executing period corresponding to a provisionally determined tact time in each of the 
production lines and the production-line-based planned production volume, based on a 
relation among tact time, planned production volume and operating time in each of the 
production lines, (c) a number-of- workers calculating step of calculating the number 
of workers required in each of the production lines based on the set operating time, (d) 
a production-line-based personnel cost calculating step of calculating a personnel cost 
in each of the production lines after distribution of the calculated number of workers 
to worker categories with different hourly wages, and (e) a gross personnel cost 
calculating step of calculating a gross personnel cost in all the production lines by 
summing personnel costs in the respective production lines. In this method, a 
minimum gross personnel cost is calculated while adjusting the number of workers 
distributed to the worker categories, the tact time, and the planned production volume 
allocated to each of the production lines. 

[0033] In the fourth aspect of the invention, a gross personnel cost in all the 
production lines may be calculated using a Petri net model. 

[0034] In the fourth aspect of the invention, a gross personnel cost is 
calculated on various conditions while adjusting the number of workers distributed to 
each of the worker categories, the tact time, and the planned production volume to be 
distributed to each of the production lines. Then a minimum gross personnel cost can 
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be finally calculated. Furthermore, it is possible to determine the personnel cost, the 
operating time, the tact time, the number of workers, and the number of workers 
distributed to each of the worker categories in each of the production lines when the 
gross personnel cost is at its minimum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The invention will be described in conjunction with the following 
drawings in which like reference numerals designate like elements and wherein: 

Fig. 1 is a block diagram showing functional blocks according to a first 
embodiment of the invention; 

Fig. 2 is a block diagram showing a hardware construction of an article supply 
plan drafting device according to the first embodiment of the invention; 

Fig. 3 is a flowchart showing as an example an article supply plan drafting 
process routine executed by the article supply plan drafting device according to the 
first embodiment of the invention; 

Fig. 4 is a conceptual view showing a supply plan concept when a plurality of 
articles i are produced in a plurality of production lines j and supplied; 

Fig. 5 is a block diagram showing a production plan drafting device carrying 
out a production plan drafting method according to a second embodiment of the 
invention; 

Fig. 6 is a flowchart showing a minimum gross personnel cost calculating 
routine according to the second embodiment of the invention; 

Fig. 7 is a graph showing a relation among tact time, expected volume of 
production and operating time in each production line according to the second 
embodiment of the invention; 

Fig. 8 is a conceptual view showing a relation between each production line 
and expected month of production in an entire production plant according to the 
second embodiment of the invention; and 

Fig. 9 shows a Petri net model for seeking a minimum gross personnel cost 
according to the second embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0036] Next, embodiments of the invention will be described. 

[0037] Fig. 1 is a block diagram showing an overall construction of the 
article supply plan drafting device 20 according to the first embodiment of the 
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invention as functional blocks. Fig. 2 is a block diagram showing a hardware 
construction of the article supply plan drafting device 20 according to the first 
embodiment of the invention. 

[0038] As shown in Fig. 2, the article supply plan drafting device 20 of the 
5 first embodiment is hardware-wise constructed of a general-purpose computer mainly 
composed of a CPU 42 as a central processor. A cash memory 46, a cash controller 
48, a main memory 50, a graphics controller 52 to which a CRT 54 is connected, a 
keyboard interface 56 to which a keyboard 58 and a mouse 60 are connected, an VO 
interface 62 to which a hard disk system 64, a floppy disk system 66 and so on are 

10 connected, and so on are connected to a bus 44 connected to the CPU 42. 

[0039] As shown in Fig. 1, the article supply plan drafting device 20 of the 
first embodiment has, as functional blocks, a data storing portion 22 for storing 
various data and restrictive conditions. It also has a data inputting portion 24 for 
inputting various data and a required supply volume and so on. It also has a supply 

15 volume distributing portion 26 for distributing the required supply volume to supply 
stations based on a distribution parameter. It further has a work force setting portion 
28 for setting a work force required for supplying a station supply volume that has 
been distributed to each of the supply stations using a work force parameter. It also 
has a parameter changing portion 30 for successively changing the distribution 

20 parameter used in the supply volume distributing portion 26 and the work force 
parameter used in the work force setting portion 28. It also has a cost calculating 
portion 32 for calculating a gross cost required for supplying the required supply 
volume from each of the stations based on the work force set in the work force setting 
portion 28. It further has a plan setting portion 34 for setting article supply plan 

25 values by selecting distribution of the supply volumes and the setting of the work 
force in such a manner as to minimize the gross cost. It also has a plan outputting 
portion 36 for outputting an article supply plan that has been set. The functional 
blocks of the article supply plan drafting device 20 of the first embodiment are 
realized when the hardware construction exemplified in Fig. 2 is integrated with later- 

30 described software. 

[0040] Article production data on a production line j of an article i such as a 
unit supply man-hour Sij [personnel -time/article] expressed as a product of work force 
and time required for producing a single article i in a production line j, an operating 



duty Aj(t) [duty/month] in a production line j in t month, and a regular operating time 
Tj [time/duty] per duty in a production line j, work-force-type-based cost data such as 
a cost COk [yen/personnel-time] per regular operating man-hour of a work force type k 
such as regular employees, contract-based employees, temporary employees and part- 
5 timers, a cost Clk [yen/personnel-time] per overtime man-hour of a work force type k, 
and a cost C2k [yen/personnel -time] per holiday service man-hour of a work force 
type k, data on changes in distribution parameter such as a changeable range Ly of a 
planned production volume value Yij(t) [volume/month] for production of an article i 
in a production line j in t month and an interval zy [volume/time] in changing the 

10 planned production volume value Yij(t), data on overtime and holiday service such as 
a changeable range LI of an overtime Zjl(t) [time/duty] per duty of a production line j 
in t month, an interval zl [time/duty] in changing the overtime Zjl(t), a changeable 
range L2 of a holiday service duty Zj2(t) [duty/month] as a holiday service duty per 
duty of a production line j in t month, and an interval z2 [duty/month] in changing the 

15 holiday service duty Zj2(t), data on changes in the work force parameter such as a 
changeable range L3 of a summated (summed) work force Zj3k(t) [personnel] of a 
work force type k in a production line j in t month, a changeable range Lk of the 
summated work force Zj3k(t), and an interval z3 [personnel] in changing the 
summated work force Zj3k(t), data on other restrictive conditions such as a 

20 changeable range L4 of a tact time Zj4(t) [time/volume] in a production line j in t 

month and an interval z4 [time/volume] in changing the tact time Zj4, and so on are 
stored in the data storing portion 22. These data are input by means of the data 
inputting portion 24 such as the keyboard 58. 

[0041] The supply volume distributing portion 26 distributes a required 

25 production volume Xi(t) [volume/month] as a required supply volume of an article i in 
a plan-executing month t input from the data inputting portion 24 to a planned 
production volume value Yij(t) in each production line j as a supply station based on 
an initial value and a distribution parameter changed by the parameter changing 
portion 30. In the first embodiment, a planned value at the time of last planning is 

30 used as an initial value of the distribution parameter. For example, in the case of a 

rolling plan wherein an article supply plan was last drafted for January to March, and 
wherein an article supply plan is drafted for February to April this time, last-time 
values may be used as distribution parameters for February and March and a value of 
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last month, i.e., March is used as a distribution parameter for April. Because the 
required production volume Xi(t) [volume/month] changes every month, use of the 
last-time values signifies the same proportional distribution as last time. Although a 
last-time value is used as an initial value of the distribution parameter in the first 



[0042] The work force setting portion 28 calculates a unit supply man-hour 
Sij [personnel-time/volume] of each production line j based on the planned production 
volume value Yij(t) distributed by the supply volume distributing portion 26, and sets 
an overtime Zj 1 (t) and a holiday service duty Zi2(t) per duty in a production line j in t 

10 month, a work force Zj3k(t) and a tact time Zj4(t) of a work force type k in a 

production line j in t month, and so on based on an initial value, a changed work force 
parameter and various restrictive conditions. A setting method will be described later. 

[0043] The cost calculating portion 32 calculates a cost using evaluating 
equations, i.e., an equation (1) as a general equation and an equation (2) as a concrete 

15 example and based on the required production volume Xi(t) distributed to each 

production line j by the supply volume distributing portion 26, the overtime Zjl(t) and 
the holiday service duty Zj2(t) in a production line j in t month set by the work force 
setting portion 28, the work force Zj3k(t) and the tact time Zj4(t) of a work force type 
k in a production line j in t month, and work-force-type-based cost data such as a cost 

20 COk per regular operating man-hour of a work force type k, a cost Clk per overtime 
man-hour of a work force type k, a cost C2k per holiday service man-hour of a work 
force type k, and so on stored in the data storing portion 22. The equation (2) uses k' 
instead of a work force type k. The symbol k' means using k only when a cost for 
regular operation is cast as a fluctuant cost. That is, since a salary for regular 

25 operation is paid to a regular employee irrespective of whether or not regular 

operation has actually been performed, the salary is regarded as a fixed cost and is not 
included in the evaluating equations. If a work force k is used instead of k', a gross 
cost inclusive of a fixed cost is calculated. 



5 



embodiment, a predetermined initial value may also be used. 



Hj(t)= f(Zj\{t\Zjl{t),Zj3k(t),ZjA{t) ) ...(1) 



30 



Hj(t) = Aj(t) • Tj • £ (c0k'*Zj3k'(t) 
+ Aj(t). Zyl(0«2 (elk /Zj3k(t)) 

k 

+ Tj • Zj 2(0 {c2k • Zj 3*(0) ...(2) 



k 
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[0044] The plan setting portion 34 sets, as planned article supply values, the 
required production volume Xi(t) distributed to a production line j calculated using a 
distribution parameter and a work force parameter that are minimum evaluating values 
that have been calculated by the cost calculating portion 32 using the evaluating 
5 equations in changing the distribution parameter and the work force parameter at the 
interval, the overtime Zjl(t) and the holiday service duty Zj2(t) per duty of a 
production line j in t month set by the work force setting portion 28, and the work 
force Zj3k(t) and the tact time Zj4(t) of a work force type k in a production line j in t 
month. The plan outputting portion 36 outputs the planned article supply values set 

1 0 by the plan setting portion 34 to the CRT 54 and so on. 

[0045] Next, operation of the thus-constructed article supply plan drafting 
device 20 of the first embodiment will be described based on an article supply plan 
drafting process routine shown in Fig. 3. Upon execution of this routine, the CPU 42 
of the article supply plan drafting device 20 of the first embodiment first of all inputs 

15 a required production volume Xi(t) (step SI 00), and initially distributes the input 

required production volume Xi(t) to a planned production volume value Yij(t) in each 
production line j as a production station based on a distribution parameter set as an 
initial value (step SI 02). Initial distribution of the required production volume Xi(t) 
to the planned production volume value Yij(t) has been described above. Needless to 

20 say, distribution of the required production volume Xi(t) to the planned production 

volume value Yij(t) is carried out such that a summated (summed) planned production 
volume value Yij(t) of the production lines j becomes equal to the required production 
volume Xi(t). 

[0046] Subsequently, a summated work force Zj3k(t) of a work force type k 
25 in a production line j in t month is set. The summated work force Zj3k(t) is set using 
a changeable range L3 of the summated work force Zj3k(t) as described above and an 
equation (3). The equation (3) is derived from an equation (4) and an equation (5). 
The equation (4) is derived from the fact that the sum of a volume calculated for each 
article produced in each production line j multiplied by a reference time is equal to a 
30 work force engaged in the production line j in a corresponding month multiplied by a 
gross operating time and that the gross operating time is equal to the sum of a regular 
operating time, an overtime and a holiday service time. The equation (5) is derived 
from the fact that a gross volume of articles produced in a production line j is equal to 
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a value obtained by dividing a gross operating time of the production line by a time 
required for production of the articles, i.e., a tact time. 
X (Yij(t), Sij) = ZjA{t) • £ Yij(t) • X Zj3k(t) ...(3) 

X ^//(O, *y > = X z 7 3 *(0 • {4/(0 • W + Zy 1(0) + 27 • Zj2(0 } .-(4) 

5 £ 7/; (0 = _l_{Ay(0 • (Tj + Zjl(t)) + Tj . Zy 2(0 } -(5) 
i 2/ 4(0 

[0047] Referring to the equation (3), since the planned production volume 

value Yij'(t) has been set in step SI 02, a variable that has not been set is the sum of the 

work force Zj3k(t) and the tact time Zj4(t). Here, the tact time Zj4(t) is initially set 

using a last-month value, i.e., a tact time Zj4(t— 1). Thus, the summated work force 

10 Zj3k(t) is the only unknown quantity in the equation (3) and therefore, the summated 
work force Zj3k(t) can be set. A processing in step SI 04 is performed based on such 
a method of setting the summated work force Zj3k(t). 

[0048] Next, an overtime Zjl(t) and a holiday service duty Zj2(t) are set 
(step SI 06). The planned production volume value Yij(t) and the tact time Zj4(t) have 

15 been set in the above equation (5). Thus, if one of an overtime Zjl(t) and a holiday 
service duty Zj2(t) has been set, the other is set according to the equation (5). The 
overtime Zjl(t) and the holiday service duty Zj2(t) may be set within the changeable 
ranges LI, L2 respectively. However, there is usually established a relation: cost for 
holiday service > cost for overtime service. Therefore, according to the first 

20 embodiment, an overtime Zj l(t) is set as a maximum value in the changeable range 
LI, and the remnant is set as a holiday service duty Zj2(t) using the equation (5). If 
there is established a relation: cost for holiday service < cost for overtime service, an 
opposite method may be adopted. Namely, a holiday service duty Zj2(t) is set as a 
maximum value in the changeable range L2, and the remnant is set as an overtime 

25 Zj 1 (t) using the equation (5). If there is established a relation: cost for holiday service 
= cost for overtime service, any one of the aforementioned methods may be adopted. 
Alternatively, an overtime Zjl(t) and a holiday service duty Zj2(t) may be handled as a 
single parameter. 

[0049] Then a work force Zj3k(t) is set (step S 108). The work force Zj3k(t) 
30 is set through appropriation until a maximum value is obtained within a changeable 
range Lk of each of the work force types in order of priority, i.e., in the order of a 



work force type wherein the cost for regular operation is handled as a fixed cost, a 
work force type wherein the cost COk per regular operating man-hour is low, a work 
force type wherein the cost C lk per overtime man-hour is low, and a work force type 
wherein the cost C2k per holiday service man-hour is low, so that the summated work 
5 force Zj3k(t) becomes equal to the set value. That is, the overtime cost is appropriated 
after appropriation of the regular operation cost. If a shortfall nonetheless arises, it is 
appropriated as a holiday service cost. The cost handled as a fixed cost is not 
fluctuant and is thus appropriated by first priority, and the above order of priority 
takes into account a relation: cost for holiday service > cost for overtime service. 

10 Accordingly, if cost for holiday service < cost for overtime service, priority is given to 
the work force type wherein the cost C2k per holiday service man-hour is low over the 
work force type wherein the cost Clk per overtime man-hour is low. 

[0050] If the work force Zj3k(t) has thus been set, an evaluating value is 
calculated using the above equation (2), and the respective set values and the 

15 evaluating value are stored in a storage unit such as the hard disk system 64 (step 
SI 10). 

[0051] A processing of changing the work force Zj3k(t) at the interval z3 
(step SI 12) and a processing of calculating an evaluating value using the changed 
work force Zj3k(t) based on the equation (2) and storing the respective set values and 

20 the evaluating value (step S 1 10) are repeated until change in the work force Zj3k(t) at 
the interval z3 is completed (step SI 14). By these processings, the respective set 
values and the evaluating value are stored in the hard disk system 64 at the interval z3 
of the work force Zj3k(t). 

[0052] Upon completion of the repetitive processings resulting from a 

25 change in the work force Zj3k(t), the summated work force Zj3k(t) is changed by 

changing the tact time Zj4(t) at the interval z4 (step SI 16), and the processings in step 
S 1 06 to step S 1 1 8 are repeated until change in the summated work force Zj3k(t) is 
completed. In the processing in step SI 04, the tact time Zj4(t) is set as a last-time 
value, i.e., the tact time Zj4(t-1), whereby the summated work force Zj3k(t) is set 

30 using the equation (3). Thus, in the processing in step S 1 16, the tact time Zj4(t) is 
changed at the interval z4 within the changeable range L4, whereby the summated 
work force Zj3k(t) is changed. Because the repetitive processings (step SI 10 to step 
S 1 14) resulting from a change in the work force Zj3k(t) at the interval z3 are included 



in the processings in step S106 to step SI 18, the processing of changing the work 
force Zj3k(t) at the interval z3 and calculating an evaluating value every time the 
summated work force Zj'3k(t) is changed and storing the calculated evaluating value 
and the respective set values is performed repeatedly. 
5 [0053] Upon completion of the repetitive processings resulting from a 

change in the summated work force Zj3k(t), the planned production volume value 
Yij(t) is changed at the interval zy (step S120), and the processings in step S104 to 
step SI 22 are repeated until change in the planned production volume value Yij(t) is 
completed. The planned production volume value Yij(t) is changed at the interval zy 

10 within such a range that satisfies the condition that the summated planned production 
volume value Yij(t) concerning an article i is equal to the required production volume 
Xi(t). Because the repetitive processings (step S106 to step SI 18) resulting from a 
change in the summated work force Zj3k(t) are included in the processings from step 
S104 to step S122, the repetitive processings resulting from a change in the summated 

15 work force Zj3k(t) are performed repeatedly every time the planned production 
volume value Yij(t) is changed. 

[0054] If the repeated processings resulting from a change in the planned 
production volume value Yij(t) have thus been completed, a minimum one of the 
evaluating values stored in the hard disk system 64 is selected, and the values that 

20 have been set in calculating the evaluating value, i.e., the planned production volume 
value Yij(t), the overtime Zjl(t), the holiday service duty Zj2(t), the work force Zj3(t) 
and the tact time Zj4(t) are set as article supply plan values (step SI 24), and the article 
supply plan values thus set are output to the CRT 54 and so on (step S126). The 
present routine is then terminated. 

25 [0055] According to the article supply plan drafting device 20 of the first 

embodiment described above, an article supply plan, i.e., an article production plan 
with a minimum evaluating value, i.e., a minimum cost can be drafted. Moreover, 
since variables are changed at a predetermined interval and within a changeable range 
and are processed repeatedly, the plan can be drafted more quickly than in the case 

30 where the variables are changed per unit. 

[0056] For convenience of explanation, the article supply plan drafting 
device 20 of the first embodiment has been applied to the case of drafting a supply 
plan in which an article i is supplied after being produced in a plurality of production 
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lines j. However, the article supply plan drafting device 20 is also applicable to the 
case where a plurality of articles i are supplied after being produced in a plurality of 
production lines j. Fig. 4 is a conceptual view showing a case where a plurality of 
articles i are supplied after being produced in a plurality of production lines j. 

[0057] Although the article supply plan drafting device 20 of the first 
embodiment drafts a supply plan based on the monthly unit t, it may draft a supply 
plan based on any period. For instance, the article supply plan drafting device 20 may 
draft a supply plan every week or every season. 

[0058] Although the article supply plan drafting device 20 for drafting an 
article supply plan in which an article is supplied after being produced in a plurality of 
production lines has been described as the first embodiment of the invention, the 
invention may also be applied to a service supply plan drafting device for drafting a 
service supply plan in which services are offered from a plurality of service-offering 
stations. The services include article-based services such as repair of products and 
parts and article-free services such as personal assistance. In this case, the required 
production volume Xi(t) may be replaced by a required service-offering volume of a 
service i in a plan-executing month t, and the planned production volume value Yij(t) 
may be replaced by a planned service-offering value at each of the service-offering 
stations. 

[0059] Further, any plan drafting method can be adopted as long as it is 
similar to the article supply plan drafting process routine exemplified in Fig. 3. Also, 
the article supply plan drafting device 20 may be a computer or a computer-readable 
program that functions as a variant of the computer. The article supply plan drafting 
device 20 may basically be a storage medium such as, e.g., a CD-ROM or a DVD- 
ROM in which such programs are stored. The program also may be transmitted over a 
communication network such as, e.g., the Internet. An aspect of the invention also 
includes a computer program product including instructions to perform the processing 
described herein. The computer program product includes, but is not limited to the 
above-mentioned memories storing the program, as well as, for example, a data signal 
embodied in a carrier wave or otherwise electronically transmitted. 

[0060] Fig. 5 is a block diagram showing a production plan drafting device 
for carrying out a production plan drafting method according to a second embodiment 
of the invention. Although a production plan for a vehicle is usually drafted every 
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month, a production plan drafting device 2 of this embodiment calculates a planned 
production volume, a tact time, allocation of workers and a personnel cost in each 
production line in such a manner as to minimize a gross personnel cost in a production 
plan, especially in production plants. The production plan drafting device 2 has an 
input processing portion 4, a gross personnel cost calculation processing portion 6, a 
result outputting portion 8 and a temporary data-preserving portion 10. 

[0061] In general, in a vehicle production plant, a planned production 
volume is allocated to each of a plurality of production lines. An operating time and 
the number of workers required for achievement of the planned production volume for 
each of the production lines are determined and a personnel cost is derived therefrom. 
By summating such personnel costs, a gross personnel cost in a corresponding month 
is calculated. The workers are grouped in categories with different hourly wages, i.e., 
regular employees, seasonal employees, part-timers and so on. Therefore, personnel 
costs cannot be calculated unless the number of workers distributed to each of the 
worker categories as well as the total number of workers is determined. Generally 
speaking, regular employees command higher hourly wages than part-timers. Thus, if 
the workers consist exclusively of part-timers in a certain production line, the 
personnel cost calculated for the production line can be reduced. On the other hand, 
however, this may cause the number of regular employees in the other production 
lines to increase. Therefore, the worker categories must be distributed suitably in each 
of the production lines. 

[0062] A characteristic of the second embodiment is that a minimum gross 
personnel cost is sought while adjusting a planned production volume to be allocated 
to each of the production lines, a tact time, and a percentage chart of the worker 
categories (distribution of the number of workers required in a corresponding 
production line to each of the worker categories). Especially because the tact time has 
also been taken into account, a gross personnel cost can be calculated more precisely. 

[0063] Next, a process of calculating a minimum gross personnel cost 
according to the second embodiment will be described with reference to a flowchart 
shown in Fig. 6. In this process, not only a minimum gross personnel cost, but also a 
personnel cost, an operating time, a tact time, the number of workers and the number 
of workers distributed to each of the worker categories in each of the production lines 
when the gross personnel cost is at its minimum can be obtained as results. 
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[0064] A planned production volume in the entire production plant in a plan- 
executing period, i.e., a certain month has been determined in advance. If the planned 
production volume has been input from the input processing portion 4, the gross 
personnel cost calculation processing portion 6 allocates the planned production 
5 volume to the production lines (step S201). A planned production volume in each of 
the production lines is determined provisionally by suitable allocation with reference 
to a scale, a specification and so on of the production line. After that, a later- 
described process performed by the gross personnel cost calculation processing 
portion 6 is performed in each of the production lines until a gross personnel cost is 

10 calculated. 

[0065] Next, if a tact time in each of the production lines is determined 
provisionally (step S202), an operating time in each of the production lines 
corresponding to the provisionally determined planned production volume and tact 
time in each of the production lines for a corresponding month is obtained (step 

15 S203). The tact time is determined in accordance with the productivity of the 
production line. Hereinafter, a process of calculating an operating time will be 
described in detail. 

[0066] Fig. 7 is a graph showing a relation among tact time, planned 
production volume and operating time in each of the production lines. A line 12a in 

20 this graph represents a relation between tact time and production volume in the case 
where the production line is operated for a minimum operating time, i.e., for a regular 
operating time with no overtime service or holiday service. A line 12b represents a 
relation between tact time and production volume in the case where the production 
line is operated for a maximum operating time, i.e., for an operating time with 

25 maximum overtime service and holiday service. A tact time T can be set between a 
minimum tact time (Tmin) and a maximum tact time (Tmax). Therefore, a tact time, 
a planned production volume and an operating time can be set within an area 
surrounded by the lines 12a, 12b, the tact time Tmin and the tact time Tmax 
(hereinafter referred to as a solvable area). A planned production volume in each of 

30 the production lines has already been determined provisionally. Thus, if a suitable 

time Ti has been set, an operating time is calculated based on a graph shown in Fig. 8. 
Because the planned production volume has been determined provisionally in this 
embodiment, the operating time is reduced in proportion to a decrease in tact time. By 



calculating an operating time, it is possible to tell whether the regular operating time is 
sufficient or overtime service or holiday service is required. 

[0067] If a planned production volume, a tact time and an operating time in 
each of the production lines have been determined through the above processings, the 
5 number of workers required for production of the planned production volume can be 
calculated (step S204). This is because the product of a quotient obtained by dividing 
the operating time by the tact time and the number of workers is constant. Then by 
distributing the calculated number of workers to each of the worker categories, the 
number of workers allocated to each worker category is determined provisionally (step 

10 S205). Because the number of persons in each of the worker categories in a 

corresponding month is constant, the number of workers distributed to each of the 
worker categories is determined with the constant number set as an upper limit. As 
described above, it is an ultimate object of this embodiment to minimize a gross 
personnel cost in the entire production plant. Thus, a substantial decrease in 

15 personnel cost in one of the production lines based on employment of a great number 
of part-timers does not make any sense. Provisional determination has to be made in 
consideration of the balance of distribution of the number of workers to the 
production lines. If the number of workers distributed to each of the worker 
categories has thus been determined, a personnel cost in each of the production lines 

20 can be calculated by multiplying the number of workers engaged in the production 
line by the operating time (step S206). 

[0068] By summating the personnel costs for the production lines, a gross 
personnel cost in the entire production plant can be calculated (step S207). If the 
gross personnel cost calculated through the above processings is the lowest among 

25 previously calculated gross personnel costs, the gross personnel cost calculation 
processing portion 6 temporarily preserves the gross personnel cost, the personnel 
costs in the respective production lines, the tact time, the operating time, the number 
of workers, the number of workers distributed to each of the worker categories in the 
temporary data-preserving portion 10 (steps S208, S209). 

30 [0069] In the above processings, a gross personnel cost is obtained by 

provisionally determining the number of workers distributed to each of the worker 
categories and calculating a personnel cost for each of the production lines. Thus, if 
the number of workers distributed to each of the worker categories has been changed, 
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the calculated gross personnel cost may further be reduced. In this embodiment, the 
workers consist of regular employees, seasonal employees and part-timers. Therefore, 
a minimum gross personnel cost corresponding to the provisionally determined tact 
time and planned production volume can be obtained by repeatedly performing the 
above processings in step S205 to step S209 while suitably increasing or decreasing 
the number of workers allocated to each worker category (step S210). 

[0070] In the above processings, a minimum gross personnel cost is 
calculated by determining a tact time Ti provisionally. However, if the provisionally 
determined tact time has been changed, the calculated gross personnel cost may be 
reduced further. Thus, a minimum gross personnel cost corresponding to the planned 
production volume that has been determined provisionally can be obtained by 
repeatedly performing the above processings in step S202 to S210 while suitably 
increasing or decreasing the tact time (step S21 1). 

[0071] Furthermore, in the above processings, a minimum gross personnel 
cost is calculated by making a provisional determination by suitably distributing a 
planned production volume to each of the production lines. However, if the planned 
production volume that has been determined provisionally for each of the production 
lines has been changed, the calculated gross personnel cost may be reduced further. 
Thus, a minimum gross personnel cost can be obtained by repeatedly performing the 
above processings in step S202 to S210 while suitably changing the planned 
production volume distributed to each of the production lines (step S212). 

[0072] As described above, a minimum gross personnel cost can be obtained 
finally through an attempt to calculate a gross personnel cost while suitably changing 
the number of workers distributed to each of the worker categories, the tact time and 
the planned production volume in each of the production lines. Also, it is possible to 
obtain a personnel cost in each of the production lines, an operating time, a tact time, 
the number of workers and the number of workers distributed to each of the worker 
categories when the gross personnel cost is at its minimum. The result outputting 
portion 8 outputs results of the foregoing processings. 

[0073] The above description has been made on the premise that a planned 
production volume in the entire production plant in a plan-executing month has 
already been determined. For example, however, there may be a case where a planned 
production volume is determined quarterly although a plan is drafted monthly. This 



case requires not only adjusting distribution of a planned production volume among 
production lines in a certain month but also considering distribution of a planned 
production volume in a certain production line to respective months in a quarter. In 
this case, a processing of allocating a quarterly-set planned production volume to 
5 respective months and making a provisional determination is added to the flowchart 
shown in Fig. 6. Fig. 8 is a conceptual view showing a relation between production 
planning month and production lines. Each of small graphs in a large graph shown in 
Fig. 8 corresponds to Fig. 7 but indicates that each of the production lines has its own 
solvable area as shown in Fig. 7. 

10 [0074] One of the features of this embodiment is that a model for deriving a 

relation among workers, tact time and so on and minimizing a gross personnel cost as 
described above has been made solvable by being expressed as a Petri net model, 
which is an object-oriented system analysis designing method. Fig. 9 shows a Petri 
net model for the production plan drafting method of this embodiment, especially for 

15 seeking a solution to a minimum gross personnel cost. Hereinafter, the Petri net 
model shown in Fig. 9 will be described. 

[0075] Places 20-1 to 20-n indicate a group of workers belonging to an 
hourly wage (salary) class j (j=l, 2, n). Transitions 22-1 to 22-n indicate 
employment of at least one worker out of the salary class j. Places 24-la, 24-lb, 24- 

20 lc to 24-na, 24-nb and 24-nc indicate a state where n hired workers could be 

appointed to work on one of the following working conditions, i.e., standard time 
(ST), overtime service included (OT) and holiday service included (HS). Transitions 
26- la, 26- lb, 26- lc to 26-na, 26-nb and 26-nc indicate a state where they are 
appointed to work on each of the above working conditions. Places 28-1, 28-2 

25 indicate states of a tact time Ti and a tact time Tj respectively in a corresponding 
production line. A place 30 indicates a personnel cost per unit time for workers 
working in a corresponding production line. A transition 32-1 indicates a case where 
workers are appointed to work only for a standard time with the tact time in a 
corresponding production line shifted from Ti to Tj. A transition 32-2 indicates a case 

30 where workers are appointed to work with maximum overtime service and holiday 
service. A place 34 indicates a solution space of a personnel cost to be minimized 
when the operating time, the tact time and the planned production volume in a 
corresponding production line have been changed. A sheet 136 with a portrayal of the 
Petri net model described above indicates a single production line. 



[0076] The above Petri net model can be expressed according to a 
mathematical model as follows. 

Target function min. / = ]T ]T ^ n tj c jk o tk ...(6) 

; k 

Subject to 

5 x J nij = a . (constant) ...(7) 

Ni = 2 a A, ...(8) 
^ Ni — N (constant) ...(9) 
^ n tj = n OJ (constant) ...(10) 

[0077] The right side of an equation (6) represents a personnel cost. 

10 Therefore, minimization of the right side of the equation (6) leads to maximization of 
profits. Note that nij represents the number of workers of a salary class j working in a 
production line i, that cjk represents a personnel cost per worker of a salary class j 
working on a working condition k, and that oik represents an operating time of a 
production line i under a working condition k. The equation (7) indicates that the 

15 product of the tact time Ti and the number of workers in a production line i is constant 
(cci). The equation (8) indicates that a production volume Ni in a production line i can 
be calculated by dividing the summated operating time by the tact time Ti. The 
equation (9) indicates that the summated production volume in the production lines i, 
i.e., the production volume in the entire production plant is constant (N). The 

20 equation (10) indicates that the number of workers in each of the worker categories is 
constant (noj). 

[0078] According to the second embodiment as described above, a minimum 
gross personnel cost in a production plant can be calculated. It is also possible to tell 
how to set working conditions and working hours for workers with different salary 
25 standards such as regular employees and seasonal employees in order to minimize a 
personnel cost. 

[0079] According to the second embodiment, a minimum gross personnel 
cost can finally be obtained by attempting to calculate a gross personnel cost while 
suitably changing the number of workers distributed to each of the worker categories, 
30 the tact time and the planned production volume in each of the production lines. Also, 
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in the case of manufacturing vehicles, it is possible to determine the number of 
workers, the number of workers distributed to each of the worker categories, a tact 
time, an operating time and a personnel cost in each of the production lines when the 
gross personnel cost is at its minimum. 
5 [0080] In the illustrated embodiment, a controller (the device 20) is 

implemented as a programmed general purpose computer. It will be appreciated by 
those skilled in the art that the controller can be implemented using a single special 
purpose integrated circuit (e.g., ASIC) having a main or central processor section for 
overall, system-level control, and separate sections dedicated to performing various 

10 different specific computations, functions and other processes under control of the 
central processor section. The controller can be a plurality of separate dedicated or 
programmable integrated or other electronic circuits or devices (e.g., hardwired 
electronic or logic circuits such as discrete element circuits, or programmable logic 
devices such as PLDs, PLAs, PALs or the like). The controller can be implemented 

15 using a suitably programmed general purpose computer, e.g., a microprocessor, 
microcontroller or other processor device (CPU or MPU), either alone or in 
conjunction with one or more peripheral (e.g., integrated circuit) data and signal 
processing devices. In general, any device or assembly of devices on which a finite 
state machine capable of implementing the procedures described herein can be used as 

20 the controller. A distributed processing architecture can be used for maximum 
data/signal processing capability and speed. 

[0081] While the invention has been described with reference to preferred 
embodiments thereof, it is to be understood that the invention is not limited to the 
preferred embodiments or constructions. To the contrary, the invention is intended to 

25 cover various modifications and equivalent arrangements. In addition, while the 
various elements of the preferred embodiments are shown in various combinations 
and configurations, which are exemplary, other combinations and configurations, 
including more, less or only a single element, are also within the spirit and scope of 
the invention. 



